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[0 0 0 1 ] 
[0 0 0 2] 

So 

[0 0 0 3] 

l/nngSt'fe5„ £7c, CNTlCti, — tf<0#fre>fc£#»CNT (sing 
le-walled CNT: SWCNT) l^iMf^fC&oTc^JS 
CNT (mult i— walled CNT: MWCNT) ^fe^> 0 CNTtt, 
199 l^CNEC (B#«£0 ©IR^fttC «koT*fMWCNT^13tl> 
OV^* 1 9 9 3^iCSWCNT^NECi: I B MOD if)l- zffr b H^flCfg^ 3 tl 

[0 0 0 4] 

CNT^tSWt»ftttIi:ttH:, ii« (l) Tgtt ($fcS8&tf/h 
$ < 7z.s<& htktfjzg^) , (2) «^*tt (^57i>j/- h(Z)##^i:it: 

) , (3) (4) «ftfc»WBtt&£##»f 6*u rti 

[0 0 0 5 ] 

$*>IC, CNTtCggSg-f LT, fSa7 B n-7"Iti (SPM: Sc 
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anning Probe Microscope) IZMFBX'g Z>M$i<D?$$&tf 

Y.Nakayama et al . ,J. Vac.Sci .Technol ,B18,p.661 (2000)) „ 
[0 0 0 6] 

&ffi<bmmx*m>n%s%kh i yyv*z (fet) of-bmmmibffio. 1 wmc 

[0 0 0 7] 
[0 0 0 8] 

CNT&JgV^«#3fr:£h9:/S?;** (FET: field effect 
transistor) tCgrtSS^ttSttCfcStlT J3*J, TUB E FET^lf 
tfJlTV^S. «Sfifi!TUBEFETO«iS06K:^t. EI 6 tC^fi: 3 IC^f 
- hfcfc£$/U 3>£j*6 0 1 JC^->MJ*jR6 0 2T'S)SM (1 50 — 3 
OOnm) Z&f&L, ^<D±IZ±^ V - **fi 6 0 3 £ F l/>f >M 

i*<«^l/feCNT 6 0 5 SMV^TUBEFETS:)|jSt5. LfrU C 
NTSrfl^JCtJftf^L/TTUB E F E T &tfsjg"tS 3 £: fcv^fcifc, 34%?>£ 

[0 0 0 9] 

[#§Efl L J: e> i: -r S M] 
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Steffi*. S 3 fcli, #3TtC SUFI'S, 
[0 0 10] 

& wfflr u t c n t ¥m<bm* z &m t %> %m & ^m-t s z £ & s w £ -r s . 

[0011] 

«fc Kl/>f >«atC^Sffi£frr;&DLfc#£>, CNTS:?§l{CM§^CNT 
!li$:Mi«©il!t:ITb, Jg« & Hfc£ •* S £ £ tc «fc U CNTflcfeWSC 

[0 0 12] 

E» 2 ©«SJl, 1513113 ©fiffiJ:, ^3 «fctJ f |fffa^2CD«^^Brffa^3 C0*=fg^ 

£ <fc tffaiBfil 3 ©«M®«@raic Ht8f£«J± £ £ r i: tC J: »J 
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[0013] 

_hiB#JERtC33V>T, !5IBS2©«flifeJ:tKltffB^3CD«fli©SSratCia 
So fcfc, r (Delete, afa^ttSr^-rsCNTSr^WtcS/a- h3i±T 

[0014] 

tf>«§±, BtffHH2©«M±, fe<fctfl&SB»l©«ffiht9aS^2©.mSi:©iailc 

ffltS^ £ ¥##:#'f£ £ * f 5 U - aK > J * a - :/T*g^ L , Bffta^#^#ffi 

H IB 1 2> « S © SB * ft M & 5 * © T* & £ „ 
[0015] 

&33. *|gBHlC^3V%TMV>S^-3n>^-y ^^-^^timm. (CNT^H) 
H HS9 7%©CNI (CARBON N A N O T E C H N O L O G I E S 
INCORPORATED) $gCD CNT5:7;i/3-;i/ 3? 7 -/I/, X# J -JV 

JSCOMAlC^-rsCNTCDMAJt^SIIStLT 0. 0 0 0 5%^T"!?feoT, 3^t^ 
[0 0 16] 
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[0 0 1 7] 
[0 0 18] 
[0019] 

# ft & ffilfflr L -r < f -5 3 & # ft £ -* 5 . 
[0 0 2 0] 

£ 9 tf > y^tS V fcffe, ffiMfgT (C £Sfc«ffi £ Win l^?)CNT ?§M £ BB faK 
[0 0 2 1 ] 

[0 0 2 2] 
[0 0 2 3] 

OT3 ICJ: yCNTff^ffi^S&^t So 
[0 0 2 4] 
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ninc^T, iSioi±c^-hiiio2«$ti, ^f-httio 

[0 0 2 5] 

2-DCDW& (V-Xttl0 4, &t*KU>f >«Kl 0 5) tfmf&ZtlXlS 

y, ^-Meii±t$ot, h*^£m&£^asc2otf>*M£«^cift 

[0 0 2 6] 

(y-^tiio4, ku>t i o 5) Kit. &mn&tf 
) »*, ^%*aci o 7 fcrnacwjcasttsn, y-^tiio4-KW>iii 

[0 0 2 7] 

^-hJfilMlll 0 3C0-g[J (SUC^n^** h§|5 1 0 8) ft, 
[0 0 2 8] 

3 = 

[0 0 2 9] 

2 o 2M>f- bmmm2 o 3«sw. ii?«v^sss^iibttt, 

^7^i«^aif ?:Mv>5r^^T^S. ^f-hii2 0 2 w 

tSTO^ltij:, Al, Ti, W, Ta^M^^-ifeKliffill 

^fc-tfTEv^ £*i&©£Mtt»&:*,tty # u y?mz& vmm 

j£BI3*l&&ffW:, 3 0 0~5 0 0 nmtt5, 
[0 0 3 0] 

>7*~ hM2 0 2±tCJ£f£3*i5>f- M6II2 0 3 li, $Ht3iiit§l (S i O 
2 ) , SYfc^SRJR (SiN) , S&tttttt&f&gJCJK (Si ON) ^CVD^ 
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tzitXAy *mz J: »J 10 0-3 0 0 n nKBHWTfTgjfcfS. 
[0 0 3 1] 

Mft»K2 o 3©— «p (Hit^tf«a (10 8) ) 

BB2 0 3±{CL/£ ? * 7^ hV^i'&fMlTl 

& (SiO z ) A^e>«s«*-^tCtt, Ay 7 7 - K7 *; »S)8 ^fe "? x y M f 

[0 0 3 2] 

&tC, 0 2 (B) iC^f j:e>tC^~ h«fe^2 0 3±KA 1, Ti, Au, P 

iZ&V 100 — 200 nm(B|RJPT?J&|J|Lfclfc, 7t h 'J 7^77^ 

ilfCJ; »J^fl©ft?:ttS7-^ti2 0 4 £ «fc K 1/ >T > «« 2 0 Stf^tl 

[0 0 3 3] 

[0 0 3 4] 

mz, 0 2 (C) tC^"TJ:^tCCNTiS?R*«»TS*lS. B# V - 2*. 

\Z^-\£=l U-9(D$t fit, (WAVETEK1) 

fr^V^tfj. U-^&SCTV-Xfi, F l/>f >e«tClSJIIilfc ( 1 0MH z ) 
(D&ffiMB. OE&m, »&ift±l 0 V) ) tffpjDSti*. rziT-EP 

7£M&i?"?± 5 0 v©ish) ^Mtsr^'t'ts, 

[0 0 3 5] 
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[0 0 3 6 ] 

$P/^|g&aS£-3-£<Z>7W;£ bv^ 
[0 0 3 7] 

[0 0 3 8] 

±ffim^iH2 (d) zi<z>j:e>ic, hiii2 o 3 *i?rLfc.f- hn 

12 0 2±t-feot, V-X1I2 0 4MFW>1I2 0 5 &-£tMB«lC C 
NTM$:t^^M:tlTt§= £<BB£<BCNTig?Ri4iK:-£*jfl£CN 
Ttt, ^MI(Kc£-ifcbTV^ 0 
[0 0 3 9] 

bfrU V-^««2 0 4 - Kl"f>tS2 0 5|BIJC^aS*ffiS:Rianb«!^S 

mtpofeMte. nft&zm?z<DT*ftm<Dm&Kft\,^3k2nz>o fit, cn 

T<JD##CNT$g$£&iRTbfc&«lCJBy, CNTO^e)*5CNTl2 0 8 
[0 0 4 0] 
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££{C, CNTI2 0 8 Wbttt'> V-^«i2 0 4 -Kl/>f>«I2 
0 5H3&CitSS&SjE (3 0 V) *$JM-?Z>Z£IZ& »;, CNT!2 0 8}C#4tS 

f§CNT©*^i/a- h£-£TI&i;-f £ 0 3gflt#:#'f£ &^"T £ C N T (Dfr £ i/ 

tc<fc yffltSSt-5 0 JlftlftfC^ CNTM$:ITt5f©y-^Si2 0 4 - K 
b-T >«H2 0 5 1 0~ 10 A~ 1 0~ 9 A~e$>^f=.£g. CNTM 

ZffiT&VmmMtf 1 0~ 5 A~1 0~ 4 AlC&o£©&C*fU #t>*«SHt# 1 0" 1 

Wfia-t&Z. 4&TL : ferftlCR8i?>ft5 3i:&&<, CNT©#fft# 

[0 04 1] 

r*UC<fc »J, ^*#ttW5CNTffl^?>!!i;5CNTl2 0 8 
£#-e££ 0 V-X««2 0 4 - Kl/>f >**2 0 5WKllfitfft*EE«:BJiD 

-rsBRtc, W^tcl&IB^- MS2 0 2 &ciE©«l±£IWt>T ; fcj&^o gff 

[0 0 4 2] 

JglLb ^f-Mi, y-hJfi»&, y-Xii, FU-f>*«, 

fflr $ n t v * & c n t ¥m>i$.m^- z -r & - 1 # v t s . 

[0 0 4 3] 
[0 0 4 4] 

BT4 (A) }CfcH*T, I«4 0 1±i:y-Mt4 0 2, 4*-Mfi»R4 0 3 
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[0 0 4 5] 

#ctc, 04 (B) izBi-£$K->f- MfiJMDt4 o 3 <z>-gp> y-^iS4 0 4 

, feJ:tfKU>r>*ffi4 0 5(3D±tCfBlRlR4 0 6 SrfifcJRf S. * fe, IS fall 4 0 
6SMtSTOi:Lt(t 3KU>r ^ K^Sffl^Srt^t, 4 0~5 0nm 

[0 0 4 6] 

BS faH * ® JC 13 V * T C N T © BB fpj ffi £ L ^ f < 1" £ * © « & ■* 3 r t 

««t?^So zazoiz^^ytftimzft grille j: y, g«^w<z>9if>y;#fa 

[0 0 4 7] 

JlflciftiCte, BMi^*±§g0@E[&J]BI (SE 7 7 9 2) £ 7 U * V OT^, %U 
<te*h^-&#j£K:j:*JJ&j&bfctfe, 8Ort3^0^'J^-^, 2 0 0°C 

[0 0 4 8] 

a* b t £ it # fn] jc 9 tf > # * $ ti -5 <fc e> fc -r & . 

[0 0 4 9] 

B£&#i 3 0mm©5^>yn-^/tc^;rKi:xtt58©9tf>^ (ya 

-2 OR) £#£##TMV\ ?¥L3^4$:0. 2 5mm, □ - ;i/@P&Ifr £ 1 0 
Orpm, Xf-yiS^l Omm/s e'ctltffiltS. gUUfclCgBlraffll© 

[0 0 5 0] 
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#CfC, 04 (C) iC^f <fce>&CCNTM4 0 7*<»TStl*. 

v-xii4 o 4 - f u-f yMM4 o 5r^c&x^«E#fM£*tTvv£ o 

y h±lCVnfcrrLl/-#GD#t$:(Di2:£o fit, (WAVETE 

Hz) ©x^iffi (lE&ttfu #7£i&&£-e± i ov) ) msns. ^ 

[0 0 5 1] 

[0 0 5 2] 
[0 0 5 3] 

HI4 (C) IC£V>T, CNTM^iTlfcWIi±0i?l:^t 
_tffiEI#04 (D) T*&£„ rtf)£5lC, >f- NttlMU 0 3 fc/hLfc:^- h« 
®4 0 2±T'feot, V-XSS4 0 4MFb-f>«S4 0 5 fc^-frfl^C C 

Tit, *MJfC#mbTVv&#, iB|taJK4 0 6*®JCtt9l^>^3l««ft34xT 
[0 0 5 4] 

3 6tC, y-*«ffi4 0 4 - >1I4 0 5®{C3S^1t/±£MJlMtt£ 

ft 
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Tt$p E g©M{C#V^££;ft£ 0 fit, CNT0^CNT^5:Mltfi 

$ - & if t* l & u , m momm & ^ffitt $ ^ £ y t- £ ^ ^ & «ifg t* & & 

o 

[0 0 5 5] 

mmoymmi nmmKCNTm^m^ht^x% v-**i§4 0 4 -f 

W >1I4 0 5H^Ciff#ft«i± (3 0 V) $:MtS3ttCj:'J, CNTjf(C# 
&t-£^*£Mf C N T h^m^m^-km-t ^> C NTffl^, *g«£M# 

Z>Z\£lZ&'<)mW&-tZ>° MtfoMlZte. CNTM^lTt»y-X«|4 0 
4 - >«@4 0 5P^©«^Effl^ 1 O~ 10 A~ 1 0~ 9 Al?&o£i:^ CN 

TMt£?ST^<Z>**M# 1 0" 5 A~1 0~ 4 AlC&o£<Z>&C*f U #t) ? «^'fit^ 
1 0~ 10 A~1 0~ 9 A£&2>}£VmB%:m\i't2>Z*.£V2bZ> o 
[0 0 5 6] 

#|yfetf>^2 {C^VMrii, ^©it^^ 1 nmiI©CNT^M^ 

. V-*«*i4 0 4 - Kl^^>it4 0 5P^{C(t:^«J±?:^Pl-S^(C, 

14 0 2 KIE<Dmi±$:%ljN?Z>Z\£iZ£ iiM^tt§CNT$:M 
[0 0 5 7] 
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[0 0 5 8] 

(HS£<Z)0JS 3 ) 

[0 0 5 9] 

BI5 (a) ic^-f j; o tc^«5 o i _fcfcy-x«4S5 0 2 Kl/>f 

>W15 0 3 £?£fiJcL£^T% CNTl5 0 4^M§tl6„ CNTI5 

^tt5 0 2 - KL/^f >tt5 0 3 W&C3£^mffi£ML&#£CNT^$t£m 
M © & « IC ?j§ T -T 3 Z. £ i C J; y C N T (7) IB ft # ft 5: Wt -5 r £ # T*£ & „ 
[0 0 6 0] 

fC|&£U C N TI t - 3! - ^ ft Wl bfe ^ M 

H © ^ ffi^fb $ -& U -r -5 Zl i: =fo Rllg t? 0 
[0 0 6 1] 

#CiC, CNTS5 0 4±(C^f - h«il5 0 5 4*- hmB 

isos&fits^tutit SHt^iiBI (Si0 2 ) /SHH£XIR (Si 

N) , ^-fb^SHJK (Si ON) &J3^£^ CVDiifdi^A'V 
[0 0 6 2] 

#ac>f- h«^5 o 6^^$ti^> 0 #- h«^5 o 6 *Mm-rz>ttn 

£LTtt, Al, Ti, W, T a^0iMW^-lfeb< 

7* h U V^57^ -Srfi 1 ? r fiCJ: ymM©^^#6ti^ 0 BI5 (A) icfe 
^Tte, ^-h«^S5 0 6tt, $fcfC?£j&bfcV-**i5 0 2:13=1:0^1^ >« 
i5 0 3 WI5 0 5 £^LTM&e>&VNfli;££;^bTV^#, *$&m 
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ItZtHZmfetStlZZHZteK. >f- h«S5 0 6 J:V-Xti5 o 2;i3J:0K 
[0 0 6 3] 

h«i5 0 6 £7£f£U£^T% V-Xti5 0 2 - Kb-f >WI5 

o 3^tcti:^*i± (3 o v) zwiM-t z> z. mz & y, cNTjttc#&i-£2g«fls 

#tt&f t« C N T iMttStt* C N T© ^ ilMtt5:ft§C 

tts^, uremic is *>*is;i cNT©*tfl!W6^i»*Tfs 
o 3 mzw.ffimB.*WM? zmiz. mmzmm?- hmms o 6&ciEtf>s/±£frr 

CNT a- h31Tr«&«U »St5It^T? 

[0 0 6 4] 

*««5 0 2feJ:tfKW>*S5 0 3 £ISo THr&lBg 5 1 0 
9bf>^atbfelfe, CNT|5 0 4 
[0 0 6 5] 

JlflWCte, BMfc^*±$gCDlB|R]§| (S E 7 7 9 2) 8: 7 1/ * V BJJWSs, %L 
<«^t: 0 ^--^^tCj: Wllfet, 8 0iCt3»^'M-^, 2 0 0°C 

[0 0 6 6]- 
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[0 0 6 7] 

fiCSs^l 3 Qmm<»^\Z>>fU-MZ^)\\fcX$M<to 1 5Vy&-ft (YA 
-2 OR) £#£#WTMV\ J?t3*i^0. 2 5mm, D -;i/@Pfgffc£ 1 0 
Orpm, S?aLK# 1 0 mm/ s e c t LX^\£y^fLtc^ fitiMEO)* 

[0 0 6 8] 

*LT, BBI5IIK5 1 0±JCCNTJB5 0 4 CNTf5 0 4±(Ctt 

, 05 (A) iH^aUCLT^- M»il5 0 5fe*tfd*- MI5 0 6#*ft^ 

[0 0 6 9] 

W >«^5 o 3 raicgtffc«ffi (3 o v) &TO-rszihic<fc y, cntjsic# 

ttStt6CNT0*S:i/a-hStT»*tS. rtUCfcy, 

o 2-Ku>f>ti5 o 3 raciMMtjEES: mini- sialic, umicfaia^*- h*a 

WtS^tC J: U, #«<*»ttS:^ , r*CNTS:»*«fK:2/a- h$-frT^^ 
[0 0 7 0] 

«±{c<ty, y-h«^, tf-bmmm. v-*mm> Ki/>f>*i, 

[0 0 7 1 ] 

(HJ60>j£Jt§4) 

, Ef 7 (C jt2EM«^0$INi (SEM: Scanning Electron 
Microscopy) IC J: »J tlfcflfc^ feast* T?&<5. 
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[0 0 7 2] 

£1*, El 7 (A) tcte, Hlffl^l l (c^Lfei;e)tc, 0 l-Ki/^f 

> 7 0 2 W(C^gfE«j±$:^tIb^^^CNT^^t$:^Tbfe^^CfeV^T, CN 
T 7 0 3 ©@HfSj^lRl^fM$tl^^ 5r^-r 0 ^^te, CNT 7 0 3^V-^ 
70 l-Kl/>f>7 0 2ra£^M^-£^W5tig£*l£ 0 
[0 0 7 3] 

ztuzMLx. Ei7 (b) icii, mfa^fatfftftizmmznte^^cNT i o 3 

tf)$l^#5iS§2;ft£o J: e>&#clU£, 7 0 1 - K W> 7 0 2Hlc£ 

[0 0 7 4] 

&>±0&z>iZ%imB$:mM-tZ>Z iliCJ; U, 0 7 (A) fc^f J: -5 iCV-^ 7 
0 1- KU-f > 7 0 2 r^&SM-t^CNTCOiBlBj^fnJ^M^-r^Zlil^T^-g)© 
T* > MHii 5: ^ -t Z> t-* A ^ 0) ftm 1tmmirZ>Z.£tfT*gZ>o 
[0 0 7 5] 

[3!^tf>3frlfl] 

-r ymmmzmm-tzmnt. Lxm^&zt.tfx%z>(Dx\ -tj *-z--v-jx 

<D? /W X <£>#§g £ izmm-t Z> ZL H i$X% 3 o 

[01] ^!§0^pCNT^^^cZ)#^$:m0^t-S®= 
[0 2] *|gB^(Z)CNT^#^^-©^Sg^$:^^t-€>ig o 

[03] *i§h^(d c n t ^mfom^-vftmxm zwim-tz m» 

[04] 7fs:#§0J(DCNT^#^^(Z)^^^$:m0B-t^0o 

[0 5] vvzr?- vwm<d cwT^m fom**wim-tz>m B 

[06] TUB E F E T (Dm^-^WL^-t £0= 

[07] h7^-hM«CNTm^OTt5@o 
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101 mwt 

102 ¥- hnm 

103 >f- hmmrn 

104 y — z>Wti£+ 105 

10 6 CNTjf 

107 &mmm 
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[01] 



0® 



107 



106CNTJ1 



105KW>tt& 




102 



1 03*' -hffeliJBi 
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CH2 3 



203*- -\-tmm 



(A) 



?5 



W//////A 



201 



202** -h^ffi 



as 



(B) 



204y-X3lfii 



205K H>®£ 



5; 



as 



(C) 



206CNTjg"« 




as 



(D) 



207 



201 



4 



202*' -MBffi 



206CNTj§jR 



205 v n>mm 




S208a>^^gP 
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[03] 

(a) zoscmm 




(B) 

201 
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[04] 



(A) 



xvwXvvv^ V///////A ^vv^vvvws 



*5 



7 



«5 



401 



402^ -h^S 



(b) 7k'>r^a 



(C) 



\@f vgJ 



406ffi|S]® 





Y///////M 










•1 


407CNTj§jfc 






Y //////// 









(D) 



408 



401 S« 
-J 



402*' -hmei 



4047-XSffi (7 



407CNTJSSS 



405K nv&m 




406 
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35] 



(A) 



506** 




503 K W>^@ 



5013MB 
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